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REMARKS 

In response to the election of species requirement dated July 3, 2006, applicant elects 
chronic myeloid leukemia for examination, with traverse for the following reasons. The 
examiner relies on Nakamura et al., Molecular Immunology, 2000, which describes a 
humanized anti-GM2 monoclonal antibody. This anti-gm2 antibody is to treat GM2 + 
cancers. In these cancers, the GM2 antigen is strongly expressed at the surface of the cells as 
shown in the enclosed Nakamura et al. Cancer Research, 1999, paper. "Gangliosides such as 
GD3, GM2 and GD2 are abundantly expressed at the cell surface of certain types of human 
cancer and have been shown to function as effective targets for passive immunotherapy with 
Mabs". See page 5323, left column. Therefore, the teaching of Nakamura et al, 2000, is the 
opposite of the present invention since the claims are directed to the treatment of pathologies 
for which the number of antigenic sites or the antigenic density is low. 

Moreover, all of the restricted species can be examined without an undue burden. 

IDS 

An IDS was filed on August 9, 2000 citing 8 references cited by the International 
Searching Authority. The examiner is respectfully requested to return an initialed copy of the 
related Forms SB-08 with the next communication from the examiner. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a 
check or credit card payment form being in the wrong amount, unsigned, post-dated, 
otherwise improper or informal or even entirely missing, the Commissioner is authorized to 
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charge the unpaid amount to Deposit Account No. 19-0741 . If any extensions of time are 
needed for timely acceptance of papers submitted herewith, Applicant hereby petitions for 
such extension under 37 C.F.R. §1 .136 and authorizes payment of any such extensions fees to 
Deposit Account No. 1 9-074 1 . 

Respectfully submitted, 

Date October 6, 2006 

FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 672-5300 
Facsimile: . (202) 672-5399 



By 




Matthew E. Mulkeen 
Attorney for Applicant 
Registration No. 44,250 
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Apoptosis Induction of Human Lung Cancer Cell Line in Multicellular 
Heterospheroids with Humanized Antiganglioside GM2 
Monoclonal Antibody 

Kazuyasu Nakamura,' Masaki HanibuchL, Sciji Yauo, Yuko Taaaka, fkuhp Fujino, Miao Inoue, ToshhUci Takezavya, 
Kenya Shitara, Saburo Sone, and Nobuo Haaai 
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abstract; 

The chimeric 2ntfE»nglioridc CM2 monoclonal aotfbotfy (MAI>) 
KMfWfi. whkhjjihawcd high effector fwicflons such as compleimiit-dcjie^ 
dcnl cytntoridcy and aadhcdy-ckpcndcHt cellular cytotoxicity (ADCC). 
potently suppressed p-owth nod mc&snuoi of CM2-posJuYe human aitv- 
oer ctdb invcuhiCcd into mice To tortlier Uaprovo the thcr*footic efficacy 
of the antl-GMZ MAb In burnxon, we coostraaed a hmrvanacd anlKW 
MAb, KMK?69rTbe Uaowttkcd KMS969 »nw mors efficient k supportinc 
ADCC againalj CMZ-pcwffivc human cancer ceil lino Chan tte chimeric 
KM9M», whereas ewnp I emeu (-dependent cytotoxicity wag slightly reduced 
in the homanteed KM8569. In addition, the humaafecd KM*J>69 wa* 
shown a> exert potent ADCC mediated by buCfa lymphocytes and moim- 
cytcs. To io*-csttgate the effect of (He homaniicd oo the biolotfcal 

faacdon of GM2 in the condition pbyrfalockally mimicking Wmatfcn 
sod proTTto otjeaocer nuuuica, the hcteiwpberoids conipoiod or normal 
horaaq dermal flbroblants and CMz-positfrc human lung cancer ccfl* 
were developed. Interesnlncly, the humanized KM»9G9 gave rise to growth 
inhibltfen of heterophoroift without dependence of the effector Aiacfion*. 
M6fpholopejd|and inimanocjTochwnical anujrsw unseated that the in- 
hibitory effect was due Co the a pa ptosis of QM2-poslcWe cancer cells in the 
hcterosplioroids. The result indicates that GMZ captured by thejindhody 
on the cell *ur&cc loses it* pbysiolocical function that pliys a critical role 
in maintaining the three-dimeaslttaad «^jwth of cancer cclli in eoutict 
. with Its ow n colli or other type of cell* la a microenviroameat. The 
humanized KM^C?. which can destroy the cancer criQs vju blockinc. 
rnoctioiial CM2 on the cell surface a» well a* the effector function*, would 
havt extraordinary potential In hums* cancer therapy. 



I 

f NTROD UCTTOfV 

Gangliosidi. which constitute a class of cell membrane constituent 
glycobpids. an: molecules composed of a carbahydiate chain with 
sialic acid at the eel] surface and a hydrophobic ceranude in the lipid 
bilayers (I). It has been known that quanrilaiivc sad cjuaiitalive 
changes occurjin the expression of gangltosidca through the oncogen ic 
transformation or cells (2). Gangliosides such as GD3, GM2, and 
GP2 Z are abundnnUy expressed on the cell surface of certain rypes of 
human cancer land have been shown to function as effective targets for 
pywivc immunotherapy with MAbs 3 (3-14). Several anti-GM2 IgM 

deceived S/11J90: accopted H&QW, 
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Machida. Tokyo, \9^}2 /epon. Pbonc: a M2-723-25S5; Kmc 8 M2-725-2tffe- f-muiJ- 

* OaasUoskJ^ h TO been doig^tcu *Win 5 to tha frcenHwod«{oru »rihi IUPAC- 
rtm CooiniiMion, on B^^kal Nomenclanuc frfl aod a> .ih C codmc s> TO ro of 

'The abtecvLiij«»w wod ore: MAb. oawBclnBl nndbedy; 5C1P, seven: cnmbinwJ 
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half-maaf^r ^rtoi>^; PBMC: peripheral b| 0OT J moaomjeicar coa: lifffiO. toman IcG- 
5CLC. suliU taHl lung ertnecr. * 



5323 



amibodles were produced in mice, tats, and humans (14-19), und a 
human aori-GM2 IgM antibody showed some ciinjcal respond in the 
treatment of melanoma (20). Moreover, hj clinical studies, vaccination 
wiU\ GM2-keyhole limpet hemocyanin in melanoma patienbs resulted 
in the extension of diseass-free iarcrvidfl and aurvi\Til when correlated 
with high serum titer anti-GM2 IgM and IgG antibodies (21, 22). In 
view of the foregoing, GM2 is cspected to be an ideal ^rati^cn for 
specific immunotherapy of human cancers with cither vaccination or 
MAbs, 

Wc have previously reported the construction of a first mouse/ 
human chimeric anti-GM2 MAb KM966. which consists of the con- 
stant (C) legion of hlgGl-K and the variable (V) region of the murine 
»ntr*GM2 IgM MAb KM696 (12). The chimeric KM966 seemed to be 
therapeutically effective in mhibiung the growth of human, lung 
cancer cells implanted s.c. Into aude mice and metastases formation of 
human hing cancer cells inoculated Lv. into NK cell-depleted SCJD 
mice (12,, 23). Chimeric MAbs, however, may have the possibility of 
inducing a substantial hnroroi anomousc antibody response because 
one-third of the molecule is still of murine origin (24). To further 
reduce the immunogenicity of chimeric MAbs and to prolong the 
eirculatimj hait-Ufc, humani/xd MAbs arc generated by grafting 
CURs of murine MAbs into the backbone of human t-'Rs and C 
regions (25, 26). Humanized MAbs coatam about 10% rauriue origin 
residues and 90% human origin residues, and, thus, thcOTcticaliy 
further reduction of din unmunogemcity <s achieved compared widt 
chimeric MAbs. 

In the present article, we constructed a humanized anti-CM2 MAb, 
rCMo^o. and studied irs antigen-binding affinity and effector ftmc- 
tions such us CPC and ADCC. ADCC is considered to be the major 
mechanism through which cancer cells, on treatment with anacancer 
MAbs, arc eliminated In vlvt> [21 1 2S), The antimetastatic effect of the 
cbinjcric KM96'6 fa vivq was mainly due to an ADCC reaction 
mediated by macrophages in the NK ccil-depleted 5CID mice (23). 
Futthennore, the chimeric KM966 was very effective m the lysis of 
human lung cancer cell hues mediate! by both lymphocytes and 
monocyte* (29). These facts suggest flud one potcnrially important 
mccbanism for the in vlw anticancer effects of the chimeric KM9S6' 
is its ability to mediate ADCC. Therefore, we also examined whether 
the humanized KMS9C9 is eaeetivc in ADCC mediated by lympho- 
cytes and monocytes against various human lung cancer cell lines 
including the cells widi the c&ajacterlsrics of multidrug rcsistanco or 
high metastasis. . 

Many studies have noted chat gangUmadcs function as receptors and 
arc involved in signal transduction and that some aro involved in the 
procew of CeU adhesion (30-35). La the pusl, Bjcrfcvig ct ui (36) 
reported thai murine anti-GM2 IgM antibodies induced necrosis in 
spheroids consisting of human glioma cells, which cypress high levels 
of GM2; however, there were no studies to demonstrate reproducibil- 
ity in different in vitro culture systems end cytotoxic mechanism. 
Multicellular spheroids have been shown to represent tissue* and 
organs in a model in which the biological and morphological proper- 
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HUMANIZED ANT1-CM2 MAb WiTU CVTOTOXIC DFPUCT ON SrHUKOtOS 

l ' . 

ties are maintained in eontfliona similar 10 those ihit exist m >we into ^weU U-bononted plates (5 X 10* ccNs/SO tf) and incubated with serial 

(37-40). in Ibis siudy r h*Lejo$pheroids were successfully developed dilutions of MAbs (50 pi) at room temperature for 30 nun. After ccntrifUga- 

by using a collagen-conjugated thermo-wsponMvc polymer, Ibe supamMuns were remove^ and aliquot* of the c^tcdhumnn serum 

?NT?AAju, as a ceil substranim (37, 38). This method enabled us to WOfC distributed (150 pi) «s a source of Ac corapkment. After a 1-ti incubation 

regulate the size and the cell composition of resultant heierospheroids al ?7*C, iheplulc was centrituged, and the radioactivity In dwsupernauuiis was 

and to evaluate fte interaction of the cancer cells with other types of ™: 2ami **** * «*«r. Tna percentiige of specific cyiorysw w*s 

. cells, including ffcroblusls, Wc invented, with chb hctcrosphcroid ^ ^ ofMni P lra * c ftnrmfa: 

culture syilei ihe biological effects of the humanized on . ^ _ j 

GM2-ppsitivc cancer celb in 4c hetexo spheroids- composed of normal % specific lysij » — x 

human dermal fibroblasts and human' Iun$ cancer cells. M-S 

j where B is the experimental release (cpm in the supernatant from cancer cell a 

MATERIALS AND METHODS incubated with antibody unci complement;, £ in the upontancous release (cpm 

' »n *c supernatant from cancer ceils incubated with medium aboc), and M is 

Cdl Lines. [The human 5CLC 5BC-3 and SBC-5 crlla were Jdntily pro- Che trwximum releqse (cpm released trom cancer cells lysed with I N-HC1). To 

vided by Dt, S. Hiraki (Okayairia Urn versify. OJaiyamii, Japan): The human evaluate CDC, concentration* of MAbs required for EC* were calculated, 

lunfi squamous feaJl curcinoma REKF-IX'-AJ cells were kindly provided by Dr. AOCC Assay. An APCC assay vas performed by <Ch s, Cr-re]ciAc assay 

M. AkJyama (Radiation Effects Research Fovrndatloo. Hir oshirou. Japan). The icported previously (43). firicfly, aliquote of the "Cr-labclcd eaoccr ceils u* 

human SCLC |H69 eclla were obtained from the American Type Culture described in the CPC assay were distributed into 96-well U-bouomcd plate* 

Collection (Rockville, MD). The human luo£ adenocareinonia PC-H cells (1 X 10 4 eelWSO pi) and incubated with serial dilutions of MAbs (50 pi) in 

were kindly provided by Dr, N. Saijo (National Gidccx hEtitum, Tokyo, die preface of hunuin effector cells (100 pJ) at 37*C tcr d k Human rBMCs, 

Japan}, Tuo human large cell lung ameer PC-13 cells and the human stomach separated from ti heallhy donor's peripheral blood using Polymorphprep (My- 

adenocarcinoma MKJV-23 cells won; obtamed from Imrnuno Biological Lab- corned rharma AS. Oslo, Norway) according to the niarraracturcT's instruct 

oratory IJofcyo, Japan). Two drug-feaistam Jfublioea of SBC-3 colk were lions, provided Ihc effector cells. After cantritugation, tho radiouctiviiy in the 

efctained py calturia^ cho eclb with gradually increasing concenirulioris of supcmaeuits w» measured using a ^mrnnr oounter. The percentage of spoeific 

ADM or CDDP, After G months, ccilt aiat grew in lOUng/ml ADM and cytolyib was, calculated In the same way as in the CDC assay. Te evaluate 

4p0ngf'ml CDDP were obtained and named SBC-3/ADM. and 5BC-3/CD0P. ADCC. concontrations of MAb» required for woe caJcuJated. Moreover, 

respectively («L). PC-14-PM4, a variant Cell line of PC-H, with higher to analyse Ihc effector cell populations in the human PBMCs lhal were 

mcLurtsoc porcnrial to me pleural cavity, was established oy cheated iti Ww invnivcd in the ADCC of the hunwnked KM8969 a^uinst vanoun human rung 

sclcrtioa Cell cultures were maintained in R?M1 1640 Kuppicmemcd with cuncer cell lines, highly purified lymphocytes (>?9%) and QjOnocyles p*99%) 

10% hcat-iracrivntcd fetal bovfnc scrum at JT'C in a humid tried atmosphere of were separated by ccatrifugal elulriajion fiom human PSMCs and were used 

5% C0 3 in air.iNormal human dermal fibroblasts were obtained from Kurabo as described pmvipuply (2?), 

Industries (Osaka, Japan). Norxaal human dermal libroblanei and hctcrgephe- Prcparnrion uf Hcternspheroids. Hctcrosphcroids wore prepared uccord* 

raids were maintained m DMEM wHitaininK 10% feal bovine serum. 20 mM m mo p/oviously reported melhod (37, 38). A tncnno-rcspondvc polymer. 

HEPE3. J 00 raics-'ml penicillin, and 100 fig/ml streptomyciu at 37"C fn a PNlPAAm,. wes uwd. PNIPAAm was insoluble in waicr oer the lower critical 

humidified atmosphcye of 5% C0 2 m air , . solution tempecature (—30*0) and was wvcisibly sorublo below tho lower critical 

Aotinodlcs.1 The chimenc anci-GMZ MAb was developed in. our aolutiori temperanim. The substratum, vvitfa serfoco arw of about 9.6 enr, for cell 

laboratory (\2>! Foryclonal hl^G wu» ob rained from Organ Teknilca Corpora- cullure mid cell detachment was prepared by coating n hydrophjllc culcum diah 

(ion (W»i Chester, PA)/ with a unitbnn mnrtam of PNIPAAm and type I uoltogeu ood was called type 1 

Construction of Humanized Antibody. A deuuied process of humani>a- wubslnUum. The formation and rQamtenapeo of bctcrcfphctoies vrere carried out 

tien of the murine anti-<jM2 MAb KM0'96 was described previously * Briefly, on a hyarophilic culture dish coated with l%aKaro:tf: (rypc II ."ui&stmturo). WoTrna) 

a aeries of humanized and-GM2 MAb variants that had various mutation? in human dcrmaJ fibroblaos won? seeded on tho pro^WnTed (37"C) r>-pc I substratum 

the amino acjd [residues of their FIU were constnieTed based on the molecular ai aa initial cull density of 4^.0 x tffi/Z ml. Aitcr 3 days of culejrc at 37°C, the 

roodduag itnolysis of their anu'body V repons; end their binding Affmitics to fibroblasts proliferated to a oonHucnt state; Then aliquot? of I ml of pjewarmed 

CM2 were evaluated using a transient expression system in COS-7 cells, As & (37°C) human cancer celb Suspensions were seeded on Ibe confluent tlbroblase; 

• result* one of the humanized MAb variants, KM8969. which Tcvcalcd a high monolayer at a coll dcn.<ntr of 5,Q X ] 0 3 /mJ After 60 min of coculture at 37°C f it 

binding atnoiry coulpar&ble to lh« chimeric KM966. was selected us a candi- "was con [Lined, using a phase-contrast microscope, mat more than 90% of the 

date for humanised and-C»M2 MAb; its biological activities mtkding eyto- pooded cancer cells attached to (he fibroblasts monolayer. Tben me culture cashew 

toxic eilectDT Jfunctiona were tnrthcr cbnractcrpxd. Stable ■ wowossion and were li ^f mod to an ambient temperature (-25*C) and allowed In stand for 

purification of the humuoi2ed wrcre performed as re^^rtedprcviomh/ about 5 min. By this procedure, the cancer cclte-Bitaehed fibroblasts monolayer 

(3.2). In tho bubutcieition. the IgGl-K isolype wa* chosen becau.-K it h the wtvjf completely d=Uxhed fcam the type | soj^tratum m o fKtf-supportmg sheet. The 

preferred human irocypc for supporting potent cytotoxic etTecto; tuncl/ons. oetached cell sheet was gently mmsXened into a dew dish containing chiiW P6$ 

Flow Cytometric Aoarysls. For indirect immunofluerweenee. the cancer ■ using a wide pipene lip. This process was repeated and tmalry carried out using 

edit (I X 10 6 )! were incubated with purified MAb (50 /ig.'ml) at 4"C Sot \ h, chilled culiUe medium iastend of PBS. Then the rinsed cc/j shea was transtcfred 

The cells wejejwnehEd m PB$ and then incubated in FrTC-la.bo!od proteir A into prcwarmcd (37*Q culture rocdiuoi on type Tl substratum by the same 

(fic^hringcr Mannheim, Mannheim, Germany) at & n C for 1 h. The cells were . pipetting, prcccdurc (day 0), The h^teiosphcruUls fonsalion and cuicute were 

washed in PBS and rumlyacd on a flow cytometer. JPICS Elite (Coulter, carried out at 37*Ccalhc type asuhstratum, and Ac cuVrnmmod^uas changed 

Hialeuh, FL). [ 7 iw X .lO 3 cells wore acquired by list mode and gated by every other day from day Z, 

forward light scalier versus side li^ht scalier, thereby excluding 'dead ceILt and Antibody Treatment of HtforrwpfieroidiL The hemmsphcroins {n "» 10) 

detris. For ipahtiTadag expression levels ofGM2 on the cancer cells aurface, were incubated wilh the humaniwd KM8969 &om day 2 to day, 14. The 

' flow cytometric analysis was also done using the cbimaric KM966 (29). . diameter of Ojc heterosplieroids cultured ibr 2 days ranged from 700 to J^f) 

CDC Away- A CDC aasmy was pertcrmed as reported previously (4.3). fim. The treshiy prepared medium containing 20 pg/ntf antibody wa» usod £br 

Briefly, the cancer ceiLn (5 X 10* celts) were labejed with 3.7 MPq of ' each nwdium exchange at doys 2. 4, 6. 8, 10. .and 12. Two control ^ups 

Nai l CrO, 1 Cr) at 37°C for 1 h and kept for 30 min it $°C lo remove loosely received either polyclonal MgG or medium alone. 

bound 51 Cr after washing. Allquout of the labetcd cancer cells were dlstribmcd Construction of .Humanized MAb with Tat For dcteclinir CM2 in the 

heterosplieroids, we conahTicled a humamsrd and-GM2 MAb with &» com- 

* IC. NoKamura, Y. Tanaka. L Pujuw. K, Shitor*. and K H»toi. Coniinicwtn and o£ ftAC . (DYKDDDDK) on the COOH-tcirminaJ of Ihc'heovy- 

charjctericnion of n ruim<mucd pnti-gaaellMide' GM2 moaoclonal anubudy, r.ubmiu«i c n^ion. Bdeay, the sjnthcuc DNA-cnccdmj; f LAG peptide was tuscd 

for publication. } . . in-rV3iTwto me3 # <ndoftlwheavy^in Cre^^ 
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cDNa was subeloned mio iho expression vector of the hnraaniaed KM5?6 a to 
replace til? iwcijV* besry-ctoai C region cDNA. Stable cxprcswoo and purifi- 
cation of Ac tagged homaaized KMB969 were performed as described previ- 
ously (12). The! purified tagged MAb was named KM?9G9FLAG. 

Morphological mid Imrauneeytochemienl Analysis of Hctcrosphcro id*. 
PurnjESn-cmbediied sections and frozen factions of 7- and 14-day-ctilmrod 
hcTcrofrphcroids were prepared a? fcUo-vs. For paraffin sections, the bctero- 
apheroids wefelfixed in a 10%. fennaJin neutral buffer solution tor 60 rain at 
4*C. The/ wen? debydratod and oinboddcd in paraffin wax. Sections were 
obcifltc! by cuCane; oraund ineir center at & thickness of 4 j*m. dewajted and 
Ftalncd with HAB by standard procedures. For uomuaapcroxidasc staining, 
dewuxed wetioki wen? immersed in methanol ccfltaiauig H a 0 2 for 30 
rnin \o remove (endogenous peroxidase activity. For frown sections, (he het- 
crospberoids wire snap-frozeo with OCT compound In liquid nitrogen. Sec- 
tions were cutnl a thickness of 5 f*n% air-dried for 5 m?n and fixed in a 10% 
founalin neutral buffer solution for 15 tain. For immunopcroxidasc staining, 
sections were washed with FBS and immersed in methanol contouring 05% 
H : 0- ibf 30 min to remove cndogcnoan peroxidase activity. 

For detecting GM2 in the hcterospjteroios, frozen Scehnns of 1 4-day- 
cu.! Cured heterospheroids wen? incubated with 10 u^ml of the lsM8969FLAG 
at 37*C tor ? XlBound KM8969FIAC ww detected using biodnybtod mouse 
anti-FLAC M2jMAb (Eaytrnan Kodak, New Haveu, CI), followed by mcu- 
batian with fliiore»ein aviciin D (Vector Laboratories, Burliflganie. CA). 

For detecting the humanized KME969 in- the hclcrospberoda, froxen sec- 
tions of 7- and! 14-doy-cuJ hired betcnw*r*ciuida were incubated widj horse- 
radish pemxidaVc-labelcd goat Aflli-UlgG (Aznerican Qoalex, San 
Clements, CA)jat 37*C for ] h. Bound peroxidase was detected after iacuba- 
. tion with 0.5 mg/rol DAB coatainias O.0i%'H 2 O 8 for 2 mm. Sections were 
countefsoiajcd in hematoxylin and debydrnted before mounting. 

Apoptnsis on. paraHin uccHum of 14-day-cuIturcd hetcrospboxoids was 
detected usinjs fic fjt SlUt Cell Perth Delectioti kit (POD, Bncbririgcr Mann- 
heim) as described by the manufacturer. Sections were counlectfamed m 
methyl groca and dehydrated before moiixidns. 

All of the section* were observed whh phase-cootrast microscope or fluo- 
rescent microscope, 

! 

RESULTS j 

Humanized MAh and Characterisation of Its Binding Activity. 
The blading affinities of the purified chimeric KM966 and humanized 
for CM2 were measured using GM2-binding BUS A (12). 
From the dose titration curves of HJSA, the concentrations ofMAbs 
corresponding Lo the midpoint absorbancc (EC >0 ) were0.Q45 z 0.004 
and 0.036" ±\ 0.003 for chimeric KM96G and humanized 

KM8969. respectively (dam not shown). In the cose of the hu maniz ed 
KM89G9, seven residues of FRs in the variable heavy region and nine 
residues of f Rs in the variable light region as well as the residues of 
each CDR of the murine MAb were trmsfeTTed to human FKs to attain 
high binding affinity. To confirm whether Ihe binding cnamcterLiTics 
of parental MAb were preserved in Ihc humanized KM3969, we 
performed . few cytometric analysis uaini; GM2- positive human 
SCLC SBC-31 cells. A,i slwwn in Jfig, \, the rrumanked KM39C9 
bound to SBC-3 cefls at a slightly higher rate than did die chimeric 
KM96G. Wc also examined anrjgeri-himiing- specificir>' by fianglio- 
side-bmding ELISA (12). The hurrtanizarj 1^M896'9 reacted strongly 
with ^-acetyl-GM2 and yv*.glycolyt-(5M2 but wcaily with GD2 of 1 1 
common pmgliosides (GM1, ^-aceiyl-QMZ, A r -glycoJyl-<3M2 # N- 
acetyl-GM3, |N r -gIyeDlyl-GM3, GDla, OTlb. GP2, GD3, GQlb", 
GTlb),. which; was the same reactive pattern as that of the chimeric 
KM9(k? (data !cot shown). 

. CDC of Humanized KMS969. CDC or the purified humanized 
KM8969'apiinKt SBC-3 cclU was evaluated in the prwience of various 
conccnirarions of human serum as complcmcnr (5-15%: Fig. 2). Both 
humanized and chimeric MAb fed to an enhancement of complement 
activation at a scrum concentration of 5%, but the mcrease of serum 
concentrations had no effect on the enhancement of andbody-depen- 




i in irm 

1000 



Ruorescenco intensity 



Pic, J. Flow cytonmin? dnoJyro of MAJba bindiae to SBC-3 cclU. SBC-3 cull* 
(I x 10*) were incubated with 50 >i*/ml MAha. and b^md MAba were detected with 
fliierejeeia-lsbeled prolcin ^ A, huewieed E5MB?6?; 0 y calaeric C. control 
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dent stpecific cytojysis. At a serum concentration of 1 5%, the coaccn- . 
traiion of the humanized KM8969 required for halfncnajdmal CDC 
(EC50) w 5is 4.41 +0.15 versus 1.02 Z 0.07 ^g/ml JFor the chimeric 
KM966. The slight loss of CDC despite the polent binding axEnity to 
GM2 may reflect the slightly different binding characa^istics of the 
hurnimized KMS969 compared with the chimeric KM966. 

AOCC of Humanized KMS969. The ADCC Of Ihc purified hu- 
manized KM896? against SBC-3 cells was evaluated in Che presence 
of human PBMCs as effector cells at various E;T ratios (5: I T 1 0:1, and 
Z0;1; Fig. 3). Both humanized 2nd chimeric MAbs exhibited an 
enhanced cancer-ceil killing even at an E:T ratio of 5:1 » but the 
increase of E;T ratios seemed to have no effect on the enhancement of 
annbody-dependent specific cytoiysin because of the high eymrytic 
activity of effector cells without MAbs. At an £:T ratio of 20:1, the 
EC ?0 were 0.17 ± 0.02 and 0,07 ^ 0.02 pgfml for chimeric KM966 
and mmwnjzcd KM8969, respecti\xly. The humanized KMS969 ex- 
hibited an ADCC that was sLightly. higher man the chimeric KM966, 
presumubly also rcflccTjng dirxerent binding characteristics between 
humanized KMm9 and chimeric KM966. From the dose titration 
cijrvea of ADCC, the optimal dose of me humanized KM8969 was 
determtfled at 1 /ug/inl. To further anaryze the ADCC of die human- 
ized KM8969, lymphocyiea and monocytes isolaicd mam a healthy 
donor's PBMCs were each incubated with various human iung cane'er 
cell lines in the presence of the optimal dose of MAb (1 fig/mi) and 
at an £;T ratio of 20: 1. As shown in Tabic 1, the humanized KMS969 
rigmficandy induced ADCC mediated by both lymphocytes and 
monocytes against SBC-5 (SCLC), H69 (5CLq, PC-14 (lung adc- 
nccarcmomu). PC-13 (large cell rung cancer), and SBC-3 (SCLC) 
cells, but not RERF-LC-Al (lung squamous cc{\ carcinoma) cells. The 
GM2 exprejunon levels on the cancer cells Surface were significantly 
correlated with the ADCC of the humanized JCM3959 mediated by 
both lymp)uxyte$ und monocytes. The humanized KMS969 TuedJated a 
higher APCC than me chimeric KM9(3o* "against GM2-positive human 
lung cancer celt lines, and the results supported the enhanced ADCC of 
the kunanized KM5969 cenmared with the chimeric KM9*6, irrespec- 
nvc of the cdl type. It was pointed out that the ADCC mediated by 
lymphocytes was higher than ihut mediated by monocytes. 

Wc also evaluated ADCX against nrjlddrug-rcsistint I^ng .cuKerceil 
lines and a highly metaslabc lung cancer cell line (fable 2). The human- 
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ITUMaNEEO AfflUac MAb with CYTVJVXiC bJ-TKCT OH STHEROIBS 



□ ChlmencKM9CS ' 
■ Humanized KMe969 




Antibody concentration ( ufl/ml) 



fig, L CoC Of MAhs a^in*" hvicwva loop cancer 3BC-3- nvlK fl Cr-tab?led SBC-3 
cells w incubated at room tefnpentfurc for 30 mia with either cliiroofie 
columns) or fcumanuod KMS9S9 (tinned column} at tfie couccntratioofi iaojeaud, AiW 
wtahfog. dihjtcd human acnun «Hh medium «w uijcfed tod hcuhACcd at 37*C Cor | L 
Saruro tUbiion? «^rv 5% 10% (i»3, or 15% (Q. After eenuflvpitica. Ibe radioactivity 
in tho (tipanuttnij waj measured, and 4c paccuttgea of cytolyj* ***** ptoatd-agTuo*t 
iha cotrtqnifiuicra of MAbs. The lyro paccoUgGS otwerved witfj diluted ssrum oJoue 
(Hripedailumni)*** t.7 ± I.?, JC.B = 1Z and 28.4 : 16% ibrdiUHkntof 5, 10. mid 
■ 15%, iwpocuvoly. 

I 

. ized KM8969kiEnificanUy induced ADCC mediated by iyrapbocyrcs and 
monocytes against two types of midtidrug-rasUaanfc lung cancer coll lines, 
SBCO/ADMW SBOS/ODDP. Mainover, the humanized KM8969 
exerted potent ADCC mediated by tynaphocyrcs and monocytes against 
a highly aifitasmtic cancer cell line, PC-14-PM4. 

Morphology of JHcttrOspheraids. The ti&E staining of sections 
from centra] regions of 14-day-cultured heterosphcroids arc shown in 
Fig. 4. Fibroblasts and rung cancer SBC-3 cells were strictly localized 
in a hcterosplieroid. In the control brtcroipneroid with hlgG trcat- 
mcnt, it was observed by high magnification that the thick rim cell 
layers of strongly H&E-staiaed viable celts fully covered the ccUs that 
were aggregated \nU> masses within the haterospheroid (Fig. ,4, A and 
,£). The same result was obtained in another control hcterospheroid 
wkh mBdraniialcme (duui not shown). On the other hacd, the rim cell 
layers of the! hcterospheroid treated with the humanized KM85>G9 
were? scarce (Fig. 4, C and D). These observations suggested thai the 
humanized KM8969 caused growth mhibiUca of the cells in the rim 
layers of the heteroaphcroid, 

Detection of GM2 in tikterospheroids. To detect GM2 in the 
heterosnhcroids. we. constructed KME962FT,AG mat had FLAG pep- 
tide on the COOH-tcrminus of the bea\y* chain. The KM8M&FLAG 
retained binding affinity rad. specificity of the humanized 



(data no; shown). Immunofluorescence staininc using the 
KM39$9FLAG, biotinyJated anU-FLAG M2 MAb, and nuorcsccin- 
avidin D enabled ns.to detect GM2 specifically with high sensitivity. 
As shown in Fig. 5A, the specific signals of GM2 that indicate tho 
existence of GM2-positlve cells were observed only in the rim 
layers of 14-day-cuIturtsd heterospheroids of the control group treated 
with hlgG. The same result was ulso oh mined m another control group 
Created with medium atone (data not shown). Ou the other, b&ud, the 
■hetenjsnheroid treated, with the humanized KM8969 exhibited no 
positive signals of GM2 (Fig. SB). The results showed that the 
humanized K&IS969 caused the disappearance of GM2-posidve 
SBC-3 cells and prohibited tic outgrowth of the rim layers in die 
heterospheroids that were thoughi to be SBC-3 cells. 

Lncalfeation of Humanized in HeterospljcroidA. Im- 

niuiioperoxidxL^siaizied sections oF 7- and 14-day-cultured heterosphs- 
roids arc shown In Fig. 6. After 7 days of the humanized KM&%9 
exposure, KM89G9 penetrated into the heterosphcroid and probed GM2- 
' poahjve SBC-3 cells that were scattered within Die hctcrosphcroid (fig. 6, 
A and B). The result revealed that the binding acuvicy-of mc humanized 
KMS969 was preserved even in the hetera-spheroid. After 14 days. SBC-3 
cells migrated from inner cell ma&aes to the surface of the spheroid* and 
the hnmanized KM89o*9 was detected in the thin rim layers of the 



□ Chimeric KhflSBB 
■ Kumanted 



mm 




• 9 o.oi4 a.o«i o.isa oj7 1.111 ajaa io 
Antibody concentration ( jjg/ml) ' 

Fitf, J. ADCC ofMAbs aca'rost hwnan'luac cancer SBCJ celU. "Cr-labded 50C-.1 
cclla were iocutaiud ai 37*C Tor A h wi* either chimeric KM9C6 (of** column) or 
humanized KM89G5 (dosad column) ai tho oaiwnLraUcivt indicntcd in the presence of 
oflocinr sib at E.T n«lw of 5:1 {4), 10:1 or 20:! (Q. tiDhant eellt «tn FAMCa 
attained Crora a htalihj to&ur. Artsr ccneffusatioa, the Rrfioocxjvity La ito tfuperutanu 
was raeomrciJ nnd the pefcoctagos oTcytoiysn *-txv plaited ocninrt eie coneantnttoa« of 
MAb* Ttw perecwa^a obscrvod witU oOmiioe «Jh alone (rm^ columns) vac 
0.8 £2.0.3] J ± 9J,w«i55.I - 7/*% tor £T ratios of 5:1. JO:l.«U20:l fW p«t*vdr. 
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HUMAPIZSO A.Vn-CM2 !W\b WITH CriXri<Oxic KFWCT ON SPHEROIDS 
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"M««-h> fluorescence htensicy analysed try F*CSc*n mmj ditmefl'c XM900 
{WjqM; Ret 29J. 

Lymphocy iw or ownocytcs were incubated for 4 h to medium -wiUi or wfdjoirt MAb 
(1 b^jO wih- J, jCr-labsW cell* u E:T ratio of 20: J. 

c Me«n i SDjfar triplicate cotairoa. Pats art represaiturvp of four sepnra* ejepcri- 

V 3q„ luig; ctjorwus cell corciao™: A4cao„ lwifi adcnocareinom*; Urce, larje cell 
lung ( — _ 



hrtoDsphcrtud with teterogendry (Fig. 6, C aod The hcterogcaiic 
warning pattern of the humanized KMX969 suggested thai flic cTdstcncc 
of GM2-ucganvc SBC-3 cdls in the heterospheroid Tho sections from 
two control groups showed no specific stiining (data not strewn). 

Detection of Apoptiwis fn Hetcro spheroids. To investigate the 
mechanism offehc growttlnhilntofy effect of the hunwnizcdKM8969 on 
the hctcrosphcroid, we undertook cBcperimenLs to detect apeptosis in the 
hcrcTOtsphaujcj using a method based on in situ DNA strand-break label- 
ing. The hctoosphcroid treated far 14 days with control hJgG exhibited 
strong positive signals only in the central area of severe necrotic ceJb 
caused by mejlimited supply of oxygen and nutrients (Fig. 7, A and 5). 
In contrast, the hetetospberoid treated for 14 days with the humanized 
KMS&69 exhibited the positive signals of apeptosis distributed heteroge- 
flejcaily. at the periphery of the hctercspheroid (which resembled foe 
distribution ofjtfac humanized &MS969) in addition to the positive sisaals 
m the central area (Fi& 7. C and D). The results suggested that apoptosis 
of SBC-3 cella induced by the humanized KM8969 contributed to the 
growth inhibition of the hcterosphcroid 

to control experiments, the humanized KM8?69 affected neither the 
growth of the hctcTosphcroids composed of normal human dermal 
fibrobltiits and GM2-negaaVe human stomach ndericcarchioma 
NTKN-2S celUr nor the growth of SBC-3 cells monolayer cultures (data 
not shown). 7]hesc results showed that the growth-inhibitory effect of 
the huraanked was strictly dependent on GM2 expression 

and the multicelluar orjcani^itiun or the hctcrosphcroid. 

DISCUSSION 

We nave rmrnanized a murine anii-GM2 MAb in an attempt b im- 
prove its potential cbnical efficacy by remtcing its Jmrnunogenicitv- and 
by changing the C region to support potent CDC and APCc' The 
pharmaebkinetic studies rfhumsnized MAbs and murine MAbs in mon- 
keys revealed- te the hinnnnization resulted in a prolonged serum hdf- 



life arid In a foihstonhal icduetioD in ininRfflogeniciTv compared wrh the 
murine MAbs (44, 45). The anrmumarjizEd KM8969 response wuld be 
TlKorctically directed to a c^formaJional epitope formed by the CPR 
loops, so that the reduction in irarmine na^onsc to tun jOv!S969 in 
monkeys and humans would be expected hi comparison with ttw chi- 
cnenc KM966. which has murine V regions Including CDRs. lTicrc has 
been no compitfab'vc phaimacoldnctic studies between the humanized 
MAbs and their counterpart elumeric MAbs. The actual advantages of the 
humanized MAbs ^pharmacokinetics vary for each MAb and need to be 
evaluated in conical studies* 

The humanized KM8969 showed a binding affinity and spedfeiry to 
C5M2 simflar to the binding affinity and specificity of the chimeric 
KM96G but showed u 4-fbW weaker CDC than thai of the chimeric 
Khf966 (Fujp. 1 and 2). On the other hand, the humanized was 
slighuy more eftkicnt in mediating ADCC than the chimeric KM966 was 
(Fig. 3). The ditrcrenfe uctivities of CDC and AJDCC oC the humanized 
KM8969 may reflect the different binding clHmcterisiicji between hu- 
mantted KMS%? and ehtmcric KM96S. In met, as a result of the 
h^aruzation of MAbs, aiffcrcnrtmdmg-<&amc from their pa- 

rental MAbs have also been reportwl (46, 47), For example, it is possible 
thin* the humanized KM 8969 may have kinetic parameters that are dif- 
ferent from those of the cJiimeric An alternate cxpUnndon is that 
the change of the V region confonnaiion on h^ouinrzarion may affect the 
. interaction between the Fc region and components of (be complement or 
Fc receptor on the eflbcmr cell surface! To our knowledge, the humanized 
KMS969 icpnseuts the first hurnanized anri-CM2 IgG MAb with hu?h 
binding affinity and specificity. Additional studies of X-ray erystallo- 
graphie su^crural analysis and the dele^romation of JdnerJc pammeters of 
the hummri?xxl are needed io dellne the detailed binding mech- 
anisms of anti-GM2 MAbs, These studies arc now under way. The raid ts 
obtained from such studies should be very useful in die humanization of 
other MAbs. 

The huraanized KMS969 was able to induce AJPCC mcrJiarcd by both 
lyrnphoeytea and monocytes against a variety of human lung cancer cell 
lines in direct proportion to CM2 expression levels on the cell surface 
CTablc 1), Previous studies suggested thai the types of effector cells (hat 
mediated ADCC varied depending on the nature of the recognized 
antigen and MAbs (48-50). For example, a chimeric MAb ch!4.1 8 with 
specificity for GD2 was round to induce ADCC by granulocytes more 
efficiently Own that by NK cells and to have no effect on monocytes (50), 
.Although both lymphocytes and monocytes were able to be effector cells 
for the KM3%9-depcudent r^m^toxtcxry, ADCC with lymphocytes 
seemed to be higher man ADCC with monocytes at an optimal ccrjccn- 
tration of lhc KMS969 (1 ^g/ml) andan&T ratio of20;l. In addition, the 
humanized KMS969 also induced potent ADCC mediated by both lym- 



Tnhte : Itfzci of'humimWd KMS9CQ vn human fymphmyle* nr. nxmocytCfnexHalaJ 
cyiry*c*i(&y against mvtlldev^restUitmt or htgMy fKHxiotic hvman tunc cancer 
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phocytes and monocytes against muitiarug-resiattintlinig cancer cells and 
highly meta$lauc Jung cancer cells (Tabic 2). The possMiry of the 
hioimoized KMK?69 being porenrjy useiul for ov w po m ing niulildrug 
resistance in cancer cellg is very attractive for cojnbirtab'oa studies wrrh 
cofTvcntioriiil cytotoxic drugs. In. addition, potent* ADCC against highly 
rnetastacic PC|)4-?M4 cells of die humantwl KM8969 suggested Unit 
KM3969 also tod Sic antxmrtastarfc effect h vivo similar to tbe chimeric 
1CM966 (23) and could eradicate the multiple organ rnicrornecistases or 
human cancers. 

Ganijliosidcs are ubiquiiou* components in the cell Surface. Ptiys- 
iolojp'aU fimcdens of gangliosidca have been investigsiied, and the 
involvement in dxc signal iransdwwiion of cell growth and the process 
of cell udhesion has been discuss td in relation to oncogenesis and 
cancer mecuriMj. (30-32). Recendy, 1 wabudii ct ol, (35) reported that 
the GM3-cnriched membrane subfraction, termed tbe gb'wsphingo- 
lipid signaling domain, comprised a structural and Tuactionai unit for 



the initjatian of GM3 -dependent cell adhesioo coupled with signal 
transduction in mouse melanoma Bl 6 cells. To investigaic the role of 
GM2 m the growth of oancw cdb in the form of truto-dimcnsioTiid 
organizuiiou, hctcrosphcrolds composed of normal human dermal 
fibroblasts and CM2-positiYc human lung cancer SBC-3 cells were 
cultured ta the presence of the anu"jGM2 humanized MAb. KM8?09, 
Wc found thai the growth of the heterospheroids wns evidently 
inhibited on exposure to tbe humanized KM8969. Vf c noted drat the 
humanized KMS5>69 induced apopiosis agaiosl GM2-positiYe SBC-3 
cells in the heterospheroids, and this effect may play, at least in part, 
a role in growth mhibirjen (Fig. 7). The growth-inhibitory effects of 
MAbs were also reported by other Investigators. An anti-pl85 HtCK2 
MAb inhibited the growth of plSS'^-exprefwhag cell lines througa 
weak agonist effects on plS5 ,CMC (51). On the other band, an ami- 
CD20 MAb showed remarkable growth inhibition against CD20- 
posidve cell linos by apoptosis induction (52). Both MAbs were rally 
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effective fo" simple monolayer cultures, whereas the humanized 
KM8W bad no inhibitory effect again* monolayer cultures of GM2- 
posilive cell lino. The results indicated thai the apoptosls of SBC-3 
cells was induced by the andbcdy-capuirmg by GM2 on the ceil . 
surfcee and by subsequent events la the heterc^heroid. Although the' 
detail of the mechanisms of the ^vth- inhibitory effect of hUrownW 
KM?269 remain to be elucidated, the available evidence suggests mat 
GM2 expression on die sur&cc of cancer cells is strongry related to- 
the formatioa and growth of cancer masses. Additional studies on the ' 
cytotoxic effect of the humanized KMB969 using this hctcrosphcroicis 
culture should) provide new insights into more effective therapies far. 



GM2-positivc huaua cancers, A very potent cytotoxic agent specific 
for Che growth inhibition of cancer ceils could be attained hy the 
cytotoxic functions of the humanized KMS969 because the growth- 
Inhibitory mechhriisrn could enhance the effectiveness of the antibody 
bt viva together with CDC and APCC. 
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